1. Introduction {#sec1-nutrients-08-00226}
===============

Critical illness is associated with hypermetabolism and marked protein catabolism \[[@B1-nutrients-08-00226],[@B2-nutrients-08-00226]\]. When excessive protein catabolism is left unabated, patients can experience decreased immunity, increased infections, and worsened survival \[[@B3-nutrients-08-00226],[@B4-nutrients-08-00226],[@B5-nutrients-08-00226],[@B6-nutrients-08-00226]\]. Critically ill, older surgical or trauma patients with sarcopenia experience greater mortality, more post-operative complications, decreased ventilator-free days and decreased intensive care unit (ICU)-free days \[[@B7-nutrients-08-00226],[@B8-nutrients-08-00226]\]. It is well established that older patients have less muscle mass and more fat mass than their younger counterparts of similar body weight \[[@B9-nutrients-08-00226]\]. Muscle erosion typically begins after 55 years of age and it has been estimated that the cumulative decline in muscle mass reaches approximately 30% to 50% by 80 years of age when compared to those 20 years old \[[@B10-nutrients-08-00226]\]. Given the pre-existing depletion of muscle mass, it is anticipated that unabated protein catabolism would be detrimental for the critically ill older patient. Therefore, it is important to appropriately identify who may be at risk for poorer clinical outcomes and who may benefit from an aggressive nutritional strategy.

2. Nutritional Assessment of Older Patients {#sec2-nutrients-08-00226}
===========================================

Conventional methods for nutrition assessment are problematic and frequently fail in identifying the "at-risk" critically ill older patient. Although a low body mass index (BMI) has been associated with higher mortality rates in older patients \[[@B11-nutrients-08-00226]\], the relative risk of death from being overweight declines with age \[[@B12-nutrients-08-00226],[@B13-nutrients-08-00226]\]. Disability-free years and highest life expectancy is greatest among healthy older subjects with a BMI of 25 to 30 kg/m^2^ \[[@B14-nutrients-08-00226]\]. The lowest risk of mortality for hospitalized older patients in one study occurred at a BMI of about 30 kg/m^2^ \[[@B15-nutrients-08-00226]\]. A major difficulty encountered in clinical practice is the inability to accurately identify the presence of sarcopenia. Sarcopenia has been objectively defined as an appendicular skeletal muscle mass/height^2^ less than two standard deviations below the mean for young, healthy reference standards \[[@B16-nutrients-08-00226]\]. However, computed tomography scans at the third lumbar region for estimation of whole body muscle and adipose tissue mass distribution \[[@B7-nutrients-08-00226]\] are not readily available to most clinicians. Anthropometric measurements are generally unreliable in the intensive care unit, even with efforts to reduce operator measurement error. The unreliability of anthropometric measurements is further compounded with aging as older patients experience a decreased ability to excrete a water load and prolonged overexpansion of extracellular water following resuscitation or sepsis \[[@B17-nutrients-08-00226],[@B18-nutrients-08-00226]\]. Additionally, inflammation and critical illness render serum proteins including serum prealbumin concentration unreliable \[[@B19-nutrients-08-00226]\].

The European Working Group on Sarcopenia in Older People recommend assessing for the presence of decreased muscle mass and low muscle function (strength and performance) \[[@B20-nutrients-08-00226]\]. However, due the difficulty in evaluating these indicators in the ICU environment, most clinicians empirically assess the patient based on physical exam combined with family, social, and medical history. A heightened suspicion for sarcopenia is assumed based on irregularities in the physical exam and patient histories. A presumed assumption of sarcopenia is accepted if the patient has a history of signs and symptoms of frailty since most frail patients have sarcopenia \[[@B20-nutrients-08-00226]\]. Frailty has been associated with increased incidence of falls, worsening of mobility or activities of daily living disability, hospitalization, and death. Frailty may be defined as having three of more of the following criteria: unintentional weight loss of 10 pounds or more in the past year, self-reported exhaustion, weakness, slow walking speed, or low physical activity \[[@B21-nutrients-08-00226]\]. Intermediate frailty status, as indicated by the presence of one or two of these criteria, indicated intermediate risk for these detrimental outcomes as well as increased risk for becoming frail over the next 3 to 4 years \[[@B21-nutrients-08-00226]\]. The importance of frailty upon determination of a nutritional plan is paramount as frailty exacerbates age-related changes in protein metabolism by inducing an increase in muscle protein catabolism and a decrease in muscle mass \[[@B22-nutrients-08-00226]\].

3. Determination of Protein Requirements in Clinical Practice {#sec3-nutrients-08-00226}
=============================================================

Existing guidelines for current dietary protein intake recommendations for recommended dietary reference intake (DRI) or recommended dietary allowance (RDA) for adults is based on nitrogen balance studies \[[@B10-nutrients-08-00226]\]. The concept of nitrogen balance is that the difference between nitrogen intake and loss reflects gain or loss of total body protein. If more nitrogen (protein) is given to the patient than lost, the patient is considered to be anabolic or "in positive nitrogen balance". If more nitrogen is lost than given, the patient is considered to be catabolic or "in negative nitrogen balance". A nitrogen balance within −4 or −5 g/day to +4 or +5 g/day is usually considered "nitrogen equilibrium". However, it is important to note that nitrogen balance reflects only the net result of nitrogen exchange. It does not give insight into the dynamics of protein synthesis or catabolism or subtle changes in protein redistribution (e.g., shifts between muscle, splanchnic tissue, and other organ systems).

From the practical standpoint, determination of nitrogen balance has its limitations. A nitrogen balance study requires accurate determination of protein intake and a precise accounting of all sources of nitrogen excretion. The most popular method for estimating nitrogen balance used in clinical practice assumes that total nitrogen loss is equal to urinary urea nitrogen excretion and an additional constant loss of 4 g/day \[[@B23-nutrients-08-00226]\]. The constant factor of 4 g/day makes the assumption that 2 g of nitrogen loss is derived from non-urinary urea nitrogen loss since most hospitals can only measure urea nitrogen and not total urinary nitrogen. The other 2 g of loss out of the 4 g is from integumentary, gastrointestinal and insensible losses. However, these assumptions underestimate non-urea urinary nitrogen (e.g., ammonia, creatinine, uric acid, amino acids) for catabolic critically ill patients \[[@B24-nutrients-08-00226]\], gastrointestinal losses for those with diarrhea \[[@B25-nutrients-08-00226]\], and integumentary losses in patients with thermal injuries \[[@B26-nutrients-08-00226]\]. Finally, it is unlikely that a steady-state nitrogen balance determination can be achieved for most critically ill patients due to interruptions in enteral nutrient delivery and day-to-day fluctuations in the patients' clinical status. Taken together, these limitations may ultimately result in an underestimation of nitrogen losses and protein requirements.

The rationale for use of nitrogen balance as a marker for adequate protein intake may be questioned due to the lack of large, randomized prospective trials examining nitrogen balance-guided protein intake upon clinical outcomes for critically ill patients. However, limited evidence from observational studies suggest increasing protein intake above normal maintenance requirements with improvement in nitrogen balance may be of benefit for critically ill patients. One prospective, observational cohort study in 113 critically ill surgical and medical intensive care unit patients suggested a higher mean protein intake of 1.5 g/kg/day *vs.* 1.1 g/kg/day or 0.8 g/kg/day led to a significantly improved mean nitrogen balance of −2.6 g/day *vs.* −4.6 g/day *vs.* −6.6 g/day as well as a trending improvement in intensive care unit mortality (16% *vs.* 24% and 27%, respectively) \[[@B27-nutrients-08-00226]\]. In a prospective randomized design, 50 critically ill patients with acute kidney injury who required continuous renal replacement therapy received either 1.5, 2, or 2.5 g/kg/day of protein with a caloric intake designed to match measured or predicted energy expenditure. The investigators found that nitrogen balance was improved by increasing protein intake and for every 1 g/day increase in nitrogen balance, the probability of survival increased (odds ratio of 1.21, *p* = 0.03) \[[@B28-nutrients-08-00226]\]. Further research regarding the role of nitrogen balance relative to clinical outcomes in acutely ill, hospitalized patients is clearly needed.

4. Protein Requirements for Older Adults {#sec4-nutrients-08-00226}
========================================

4.1. Requirements of Healthy Older Subjects {#sec4dot1-nutrients-08-00226}
-------------------------------------------

Although the estimated mean protein requirement of healthy individuals is defined as 0.8 g/kg/day by the Food and Nutrition Board of the U.S. National Research Council, it has been suggested that elderly subjects may require more protein than younger individuals \[[@B10-nutrients-08-00226],[@B16-nutrients-08-00226],[@B29-nutrients-08-00226],[@B30-nutrients-08-00226]\]. It is apparent that healthy elderly subjects have a diminished ability to mount a similar anabolic response to protein supplementation compared to younger patients \[[@B10-nutrients-08-00226],[@B16-nutrients-08-00226],[@B31-nutrients-08-00226],[@B32-nutrients-08-00226]\]. Despite a higher splanchnic extraction of orally administered amino acids in older subjects, increased muscle protein synthesis can be still be elicited by increasing amino acid or protein intake \[[@B33-nutrients-08-00226]\]. The etiology for this diminished anabolic response is not entirely clear and likely multifactorial \[[@B31-nutrients-08-00226],[@B33-nutrients-08-00226],[@B34-nutrients-08-00226],[@B35-nutrients-08-00226]\]. Current data indicates that the "anabolic resistance" associated with aging can be overcome if sufficient protein intake, particularly if supplemental leucine \[[@B36-nutrients-08-00226],[@B37-nutrients-08-00226]\] or beta hydroxy-methylbutyrate \[[@B38-nutrients-08-00226]\] is given to stimulate muscle protein synthesis \[[@B16-nutrients-08-00226],[@B31-nutrients-08-00226],[@B33-nutrients-08-00226],[@B34-nutrients-08-00226],[@B39-nutrients-08-00226],[@B40-nutrients-08-00226]\]. It has been suggested that a safe protein intake for healthy elderly adults would be 1 to 1.25 g/kg/day of high quality protein \[[@B29-nutrients-08-00226]\]. However, some experts argue that there is insufficient evidence to establish a firm recommendation regarding protein requirements for older healthy subjects \[[@B10-nutrients-08-00226]\].

4.2. Hypocaloric, High Protein Nutrition Therapy for Critically Ill Older Patients with Obesity {#sec4dot2-nutrients-08-00226}
-----------------------------------------------------------------------------------------------

Unfortunately, there are no randomized controlled trials and a minimal number of observational studies examining the protein needs of critically ill older patients despite the need to ascertain if "the anabolic resistance" of aging can be overcome with higher protein intake under these catabolic conditions \[[@B41-nutrients-08-00226],[@B42-nutrients-08-00226],[@B43-nutrients-08-00226]\]. Recent guidelines, based on expert opinion with relatively few supporting observational studies, recommend the use of hypocaloric, high protein nutrition therapy for the acutely ill, hospitalized patient with obesity \[[@B44-nutrients-08-00226],[@B45-nutrients-08-00226]\]. The intent of this mode of nutritional therapy is to achieve an anabolic effect while potentially prevent complications of overfeeding (e.g., hypercapnia, hyperglycemia, fatty infiltration of the liver) in a high risk population whereby energy needs are difficult to assess and who may already have insulin resistance, glucose intolerance, non-alcoholic fatty liver disease and hypoventilation syndrome \[[@B44-nutrients-08-00226]\]. A higher protein intake is suggested with hypocaloric feeding in an effort to achieve the same anabolic effect upon nitrogen balance as a higher calorie, lower protein regimen \[[@B46-nutrients-08-00226],[@B47-nutrients-08-00226]\]. Critically ill patients with obesity who receive a hypocaloric nutrition regimen may require protein intakes of 2 to 2.5 g/kg ideal body weight/day and non-ICU patients may require 1.8 to 1.9 g/kg ideal body weight/day to approach nitrogen equilibrium \[[@B48-nutrients-08-00226]\]. However, it should be noted that this type of nutrition therapy also results in decreased net protein utilization and a modest increase in ureagenesis \[[@B42-nutrients-08-00226],[@B46-nutrients-08-00226],[@B47-nutrients-08-00226]\].

The first observational study examining the use of hypocaloric, high protein parenteral nutrition therapy in hospitalized older patients with obesity retrospectively evaluated 18 patients \<60 years of age and 12 patients 60 years of age or older \[[@B43-nutrients-08-00226]\]. Patients received parenteral nutrition for an average of 13 days. Both groups received 18 kcal/kg actual weight/day. Protein intakes were similar between age groups at \~1.8 ± 0.4 g/kg ideal body weight/day and \~1.9 g/kg ideal body weight/day, respectively. Nitrogen balance tended to be greater for the younger group: 3.4 ± 3.9 g/day *vs.* 0.2 ± 5.0 g/day (*p* = 0.06). Only one patient from the younger group experienced a negative nitrogen balance compared to 5 patients in the older group (*p* = 0.025). Unfortunately, serum urea nitrogen concentrations and clinical outcomes were not examined. The authors concluded that the older obese patients may continue to undergo protein catabolism with hypocaloric, high-protein nutrition therapy and that this form of nutritional support should be used with caution in older patients.

We presumed the trending difference in nitrogen balance between age groups in the above study \[[@B43-nutrients-08-00226]\] may have been attributed to potential anabolic resistance associated with aging. Conversely, we hypothesized that an insufficient amount of protein, particularly in reference to caloric intake, was given to overcome this resistance in that study. To test this hypothesis, we retrospectively compared the metabolic response to hypocaloric high protein nutrition therapy in 33 older (60 years of age and older) and 41 younger (18 to 59 years of age) with obesity and traumatic injuries \[[@B42-nutrients-08-00226]\]. Only patients who received at least 2 g/kg ideal body weight/day of protein intake and a nitrogen balance determination at goal protein intake were enrolled for study. When given isonitrogenous regimens (2.3 ± 0.3 g/kg ideal body weight/day *vs.* 2.3 ± 0.2 g/kg ideal body weight/day, respectively) and at a greater protein intake than the Liu study \[[@B43-nutrients-08-00226]\], no significant difference in nitrogen balance was noted between age groups ([Figure 1](#nutrients-08-00226-f001){ref-type="fig"}). Although it was anticipated that the majority of patients in our study would be in negative nitrogen balance due to critical illness and timing of the nitrogen balance determination post-traumatic injury, about half of the patients from each group achieved a positive nitrogen balance or nitrogen equilibrium. These data suggested that the severity of the net protein catabolism could be at least partially ameliorated by aggressive nutrition therapy \[[@B1-nutrients-08-00226]\].

Clinical outcomes, including survival, duration of ICU stay, duration of mechanical ventilation, duration of hospital stay, or incidence of infectious complications, were not different between age groups. However, the sample size of this study was likely insufficient to ascertain a difference in clinical outcomes. It was concluded that older patients had an equivalent nitrogen balance response to younger patients when given adequate protein intake and refutes previously published data that suggested older patients with obesity cannot overcome anabolic resistance associated with aging during hypocaloric, high protein nutrition therapy \[[@B43-nutrients-08-00226]\].

4.3. Comparative Nitrogen Accretion Response to Protein Intake in Older vs. Younger Non-Obese Patients with Severe Traumatic Injuries {#sec4dot3-nutrients-08-00226}
-------------------------------------------------------------------------------------------------------------------------------------

Since marked protein catabolism occurs following traumatic injury, achievement of nitrogen equilibrium or positive nitrogen balance was only possible in only about half of the non-obese patients despite receiving an aggressive protein intake of 2 to 2.5 g/kg/day \[[@B1-nutrients-08-00226]\]. Because it was unclear as to what extent "anabolic resistance" associated with aging played a role in determination of protein requirements during critical illness, we retrospectively examined nitrogen balance determinations in 54 older (≥60 years of age) and 195 younger (18 to 59 years of age) non-obese patients with traumatic injuries \[[@B41-nutrients-08-00226]\]. Nitrogen balance determinations were conducted, as part of the patient's routine metabolic care, 5 to 14 days post-admission to the trauma intensive care unit during the "flow phase" of injury.

The data indicated considerable variability in nitrogen balance response to varying protein intakes among both older and younger patient groups. It was evident that a blunted improvement in nitrogen accretion in response to lower protein intakes occurred in older patients when compared to younger patients during critical illness ([Figure 2](#nutrients-08-00226-f002){ref-type="fig"}). Older patients exhibited a concave relationship between protein intake and nitrogen balance response. Minimal change in nitrogen balance occurred at protein intakes less than 1.5 g/kg/day for older patients. However, when protein intakes of 1.5 to 2.5 g/kg/day were given, nitrogen accretion significantly improved ([Figure 2](#nutrients-08-00226-f002){ref-type="fig"}). Conversely, in younger patients, a convex relationship between protein intake and nitrogen balance was demonstrated. Progressive improvement in nitrogen accretion occurred as protein intake increased until a protein intake of \~1.7 g/kg/day to 2.2 g/kg/day was achieved whereby higher doses resulted in only minor incremental improvements in nitrogen balance ([Figure 2](#nutrients-08-00226-f002){ref-type="fig"}).

Close inspection of [Figure 2](#nutrients-08-00226-f002){ref-type="fig"} also depicts a potential difference in the severity of catabolism at baseline (protein intake of 0 g/kg/day) based on nitrogen balance between the age groups. Older patients experienced about half the extent of hypercatabolism as younger patients at a nitrogen balance of −13 g/day as opposed to about −25 g/day for the younger patients. Previous data indicated that increases in total body weight appear inversely associated with worsening nitrogen balance in trauma patients \[[@B1-nutrients-08-00226]\]. Median body weights between older and younger patients groups were the same (80 kg) in our evaluation of nitrogen accretion response in older *versus* younger patients. However, since the younger patients would be expected to have more muscle mass it is possible that the younger patients may exhibit greater urinary nitrogen losses than older patients due to greater availability of protein substrate. Conventional assessment markers for assessing for differences in the severity of their illness between the age groups, including body temperature, white blood cell count, ventilator dependency, presence of sepsis, ICU length of stay, hospital length of stay, and serum glucose concentration, were not predictive for these differences in baseline nitrogen catabolism \[[@B41-nutrients-08-00226]\]. Median injury severity score was lower in the older patients compared to younger patients (26 *vs.* 30) and a greater amount of younger patients had traumatic brain injury than older patients (37% *vs.* 20% of patients). However, it was unlikely that these variables attributed to the observed differences in baseline nitrogen catabolism as it has been previously established that injury severity score and the presence of traumatic brain injury are unreliable predictors of extent of protein catabolism and urinary nitrogen excretion \[[@B1-nutrients-08-00226],[@B49-nutrients-08-00226]\]. Etiologies for this difference in the baseline level of protein catabolism following traumatic injury between age groups requires further study.

These data suggest older and younger critically ill patients with traumatic injuries respond differently to varying increases in protein intake. It is also clear that there is considerable variability in nitrogen balance response to incremental increases in protein intake among both older and younger patients ([Figure 2](#nutrients-08-00226-f002){ref-type="fig"}). Randomized controlled trials to investigate the best way to guide individualization of protein intake and subsequent assessment of adequacy of the prescribed intake is warranted. Until these studies are available, one empiric method to individualization is to use serial nitrogen balance measurements and serum urea nitrogen concentrations to guide protein intake. Our approach for our critically ill patients with traumatic injuries is to adjust protein intake in an effort to achieve near nitrogen equilibrium (e.g., nitrogen balance of −4 g/day to +4 g/day) if possible. We employ a ceiling protein dose of about 2.5 to 3 g/kg/day for our highly catabolic trauma patient population \[[@B1-nutrients-08-00226],[@B41-nutrients-08-00226]\]. Protein dosage may be guided by lack of improvement in nitrogen balance and/or the presence excessive ureagenesis \[[@B1-nutrients-08-00226]\]. A substantial increase in serum urea nitrogen concentration in the absence of renal impairment or dehydration suggests augmented ureagenesis also implying futility in the current protein dosage \[[@B1-nutrients-08-00226],[@B41-nutrients-08-00226]\].

5. Impact of Protein Intake upon Renal Function in Older Patient {#sec5-nutrients-08-00226}
================================================================

5.1. Glomerular Filtration Rate, Creatinine Clearance and Renal Functional Reserve {#sec5dot1-nutrients-08-00226}
----------------------------------------------------------------------------------

One of the common concerns expressed by clinical practitioners about providing higher protein intakes to older critically ill adults is their increased risk for decreased kidney function and reduced glomerular filtration rate \[[@B9-nutrients-08-00226]\]. Aging is associated with a loss of renal mass \[[@B50-nutrients-08-00226]\] and longitudinal studies suggest aging is associated with a decline in glomerular filtration rate \[[@B51-nutrients-08-00226]\]. Mean glomerular filtration rate (measured by inulin clearance) declines from about 120 mL/min/1.73 m^2^ at 40 years of age to 90 mL/min/1.73 m^2^ by 60 years of life \[[@B52-nutrients-08-00226]\]. When protein intake is restricted or reduced in normal subjects, urinary urea excretion and creatinine clearance is reduced \[[@B53-nutrients-08-00226]\]. As protein intake increases, urinary urea nitrogen excretion and creatinine clearance increases, but ultimately a plateau in creatinine clearance is anticipated \[[@B53-nutrients-08-00226]\]. These changes are not due to the creatinine content of the ingested protein as only about 10% of daily urinary creatinine excretion is from exogenous origin for non-vegetarians and is not a consideration for patients receiving commercial enteral formulations or parenteral nutrition \[[@B54-nutrients-08-00226]\]. As a result, it has been argued that the age-related fall in glomerular filtration rate, in the absence of diseases known to cause renal dysfunction such as diabetes mellitus and hypertension, is due to a decreased dietary intake of protein \[[@B53-nutrients-08-00226]\]. Conversely, it also has been argued that higher protein intakes may predispose the patient with chronic kidney disease to progression of their kidney disease and earlier onset of hemodialysis; however, data to support this hypothesis is conflicting \[[@B55-nutrients-08-00226],[@B56-nutrients-08-00226]\].

Part of the difficulty in assessing renal function in older adults is that the primary source of urinary creatinine excretion is muscle mass which is decreased in older adults. Thus a normal serum creatinine concentration in an older patient does not accurately reflect glomerular filtration rate and also explains why conventional methods to calculate predicted creatinine clearance incorporates both age and sex into the equations \[[@B57-nutrients-08-00226]\]. Others have argued that estimation of creatinine clearance by the Cockcroft-Gault equations may actually underestimate glomerular filtration rate and the clearance of drugs that are excreted by the kidney in older healthy subjects \[[@B58-nutrients-08-00226]\]. Other markers of renal function such as cystatin C which may be more accurate than creatinine in the elderly \[[@B59-nutrients-08-00226]\], but are not routinely available in many hospital laboratories.

The concerning hypothesis for reluctance towards providing an increased protein intake is that the renal vasodilatory response to an amino acid load, also referred to as renal functional reserve, may be compromised in the elderly. The net response, given a blunted or absent renal functional reserve and increased protein intake, would be a marked increase in serum urea nitrogen concentration, increased prevalence of azotemia, and possibly uremia. Fliser and colleagues compared markers of renal functional reserve before and after an intravenous amino acid infusion (\~0.7 g/kg over 8 h) in younger (mean of 26 years of age) and older (mean age of 70 years) healthy subjects \[[@B52-nutrients-08-00226]\]. Although baseline glomerular filtration rate and effective renal plasma flow were slightly lower in the older patients, inulin clearance, reflective of glomerular filtration rate, increased by 16% and 17% after the amino acid infusion for the younger and older subjects, respectively. Their work indicated that renal functional reserve is well up preserved at least until 80 years of life \[[@B52-nutrients-08-00226]\].

The decrease in glomerular filtration rate that occurs with aging is generally much less than necessary to elicit symptoms of renal failure \[[@B9-nutrients-08-00226]\]. This observation is further supported by recent data from the Cardiovascular Health Study. In 3623 patients followed over a 7 years period, higher protein intake did not have a major effect on kidney function decline among elderly men and women \[[@B60-nutrients-08-00226]\]. However, because measured creatinine clearance was lower in older *vs.* younger patients in our studies of protein requirements in obese and non-obese critically ill patients \[[@B41-nutrients-08-00226],[@B42-nutrients-08-00226]\], we examined the impact of protein intake upon serum urea nitrogen concentrations to ascertain the risk for excessive ureagenesis and azotemia.

5.2. Ureagenesis and Azotemia in Obese Patients during Hypocaloric High Protein Nutrition Therapy {#sec5dot2-nutrients-08-00226}
-------------------------------------------------------------------------------------------------

During hypocaloric, high protein nutrition therapy for critically ill patients with obesity, older patients experienced a greater mean serum urea nitrogen concentration than younger patients (30 ± 14 mg/dL *vs.* 20 ± 9 mg/dL, *p* = 0.001), but none of the patients had evidence of renal failure or required hemodialysis or a restriction in protein intake ([Figure 3](#nutrients-08-00226-f003){ref-type="fig"}) \[[@B42-nutrients-08-00226]\]. Measured creatinine clearance was about 20 mL/min greater than predicted by the Cockcroft-Gault equations \[[@B57-nutrients-08-00226]\] for each age group. This exaggerated clearance was likely reflective of the combined effect of availability in renal functional reserve and the hyperdynamic response to critical illness. The statistically significant, but clinically insignificant, difference in serum urea nitrogen concentration between age groups may have been due to multiple factors including achievement of maximal net protein efficiency with excess protein contributing to greater urea production, excessive protein catabolism, an inability to completely compensate for excessive urea production, and/or potential intravascular volume depletion due to diuresis or increased insensible fluid losses \[[@B42-nutrients-08-00226]\].

5.3. Ureagenesis and Azotemia in Non-Obese Patients {#sec5dot3-nutrients-08-00226}
---------------------------------------------------

Upon examination of ureagenesis in 54 older *vs.* 195 younger non-obese, critically ill patients across a spectrum of protein intake ranging from 0 to 2.8 g/kg/day, there was no significant difference in the rate of rise in serum urea nitrogen concentration between groups ([Figure 4](#nutrients-08-00226-f004){ref-type="fig"}) \[[@B41-nutrients-08-00226]\]. However, older patients tended to exhibit mildly higher serum urea nitrogen concentrations than younger patients at the same protein intake. Median serum urea nitrogen during the nitrogen balance determination was greater overall for older patients compared with their younger counterparts (20 mg/dL *vs.* 15 mg/dL, *p* = 0.001) despite a lower overall protein intake in the older group (1.1 g/kg/day *vs.* 1.3 g/kg/kg/day) \[[@B41-nutrients-08-00226]\]. However, [Figure 4](#nutrients-08-00226-f004){ref-type="fig"} illustrates the wide variability in serum urea nitrogen concentration for both age groups.

Recent data from observational studies suggest a protein intake ≥1.2 g/kg/day during critical illness improves ICU survival when compared to those given lower protein intakes \[[@B27-nutrients-08-00226],[@B61-nutrients-08-00226],[@B62-nutrients-08-00226]\]. Thus, in this author's opinion, the limitation of protein intake on a short-term basis is unwarranted in the patient without overt acute kidney failure and contraindication for hemodialysis. The whole theoretical point of compromising renal function with higher protein intakes is moot if the patient is not given a sufficient protein intake in an effort to survive the acute insult that led to ICU admission. It is suggested that individualization of protein intake with close monitoring is warranted.

6. Higher Protein Dosing without Overfeeding in Older Critically Ill Patients {#sec6-nutrients-08-00226}
=============================================================================

The loss of fat-free mass associated with aging leads to a loss in a major metabolically active component of the body as there is a reduction in muscle mass \[[@B63-nutrients-08-00226]\] and as well as changes in other metabolically active components \[[@B64-nutrients-08-00226]\]. Thus, there is an anticipated age-related decline in resting energy expenditure and caloric prescription based on body weight becomes less reliable. In a cohort of healthy elderly subjects, aged 70 to 98 years, the Harris-Benedict equations \[[@B65-nutrients-08-00226]\] performed the best in estimation of energy expenditure in comparison to other methods \[[@B66-nutrients-08-00226]\]. However, even with use of the Harris-Benedict equations, a broadened error in estimation of energy requirements for hospitalized older patients is expected \[[@B67-nutrients-08-00226]\].

Since commercially available enteral formulas have a fixed calorie and protein content, the dilemma faced by clinicians is how to provide sufficient protein intake without giving excessive caloric intake to older critically ill patients. If caloric intake is restricted to 1.2 or 1.3 times the basal energy expenditure (e.g., Harris-Benedict equation), inadequate protein intake may be provided if the patients are given a \~1.0 to 1.06 kcal/mL, 40 to 44 g of protein/L formula. For some highly catabolic patients, even a 1 kcal/mL, 62--64 g of protein/L formula may be insufficient in providing enough protein without providing an excessive caloric intake. A recent observational cohort study in 389 patients examined the influence of how recent guidelines recommending reduced energy targets have resulted in not only a lower energy delivery but also a reduced protein intake (e.g., 81 g/day *vs.* 65 g/day, *p* \< 0.0001) \[[@B68-nutrients-08-00226]\]. This reduction in enteral feeding intake was associated with prolonged mechanical ventilation (5.0 days *vs.* 6.7 days, *p* = 0.004), extended icu stay (8.5 *vs.* 9.9 days, *p* = 0.0036), and a longer hospital stay (23.4 *vs.* 26.4 days, *p* = 0.028) in survivors. These data give support to the use of concurrent protein supplements, given as bolus doses, in addition to commercially available enteral nutrition formulas in an effort to maximize protein intake while limiting excessive caloric intake for populations such as the elderly whose protein needs may be greater yet caloric needs are reduced. Further research needs implementing regarding the benefit of this nutritional approach.

7. Conclusions {#sec7-nutrients-08-00226}
==============

Older critically ill patients, especially those with sarcopenia, experience higher mortality and worsened morbidity compared to their younger counterparts. Because older patients have a diminished ability to mount a similar anabolic response to protein supplementation than younger patients during critical illness and, in health, older patients may require a higher protein intake to overcome this "anabolic resistance". Older critically ill patients tended to have more ureagenesis at similar protein intakes as younger patients, but the difference in serum urea nitrogen concentrations between age groups was not clinically significant for the majority of patients. Randomized controlled trials evaluating the benefits from individualization of protein intake, with close monitoring to avoid potential azotemia, are warranted.
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![Nonlinear relationship between protein intake on nitrogen accretion for older and younger patients. Nonlinear correlative relationships were significant (*p* \< 0.001) between nitrogen balance and protein intake were r = 0.51 and r = 0.50 for the older and younger patients, respectively. Reprinted with permission from Dickerson, R.N.; Maish, G.O., 3rd; Croce, M.A.; Minard, G.; Brown, R.O. Influence of aging on nitrogen accretion during critical illness. *JPEN J. Parenter. Enter. Nutr.* **2015**, *39*, 282--290. A.S.P.E.N. does not endorse the use of this material in any form other than its entirety.](nutrients-08-00226-g002){#nutrients-08-00226-f002}

![Serum urea nitrogen concentrations and protein intake during hypocaloric, high protein nutrition therapy in older *vs.* younger critically ill patients with obesity and traumatic injuries. Serial serum urea nitrogen concentrations were greater for older compared to younger patients (*p* = 0.001) despite isonitrogenous daily intakes between age groups. \* *p* = 0.05 between age groups; † *p* = 0.05 from day 1. Reprinted with permission from Dickerson, R.N.; Medling, T.L.; Smith, A.C.; Maish, G.O., 3rd; Croce, M.A.; Minard, G.; Brown, R.O. Hypocaloric, high-protein nutrition therapy in older *vs.* younger critically ill patients with obesity. *JPEN J. Parenter. Enter. Nutr.* **2013**, *37*, 342--351. A.S.P.E.N. does not endorse the use of this material in any form other than its entirety.](nutrients-08-00226-g003){#nutrients-08-00226-f003}

![Variability in serum urea nitrogen concentration at different protein intakes. The linear correlative relationship between serum urea nitrogen concentration and protein intake was r = 0.500 (*p* \< 0.001) and r = 0.482 (*p* \< 0.001) for older and younger patients, respectively. Analysis of covariance indicated no significant difference (*p* = N.S.) in the slopes between the age groups. Reprinted with permission from Dickerson, R.N.; Maish, G.O., 3rd; Croce, M.A.; Minard, G.; Brown, R.O. Influence of aging on nitrogen accretion during critical illness. *JPEN J. Parenter. Enter. Nutr.* **2015**, *39*, 282--290. A.S.P.E.N. does not endorse the use of this material in any form other than its entirety.](nutrients-08-00226-g004){#nutrients-08-00226-f004}
